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Abstract: On the legal aspect, the new European 
Directive on ElectroMagnetic Compatibility 
2004/108/EC concerns also large machines. On a 
technical point of view, the special situation to 
characterise the EMC behaviour of large machines imply 
that current procedures are complex and very expensive, 
and in some cases even not possible. Adapted measuring 
methodologies and procedures are needed. In this paper, a 
new measuring probe is proposed, allowing the 
characterisation of large machines in situ. 
 
 
1. INTRODUCTION 
 
Regarding EMC, the machinery-industry drags along a 
set of problems that makes testing and characterising very 
complex and expensive. Therefore, adapted procedures 
are needed. Machinery manufacturers have a wide 
experience in mechanical engineering, but a lack of 
expertise in electromagnetics, electromagnetic wave 
propagation and EMC, both in certification/testing and 
design for compliance. One of the important aspects is 
that they are basically system-integrators of electrical and 
electronic modules, assembled inside the final product. In 
this way, they “inherit” the responsibility of the final 
machine compliance with the European EMC Directive 
2004/108/EC.  
 
Moreover, most of the machines have characteristics (size 
and dimensions, weight, supply voltage, power 
consumption, other auxiliary provisions as cooling water, 
pressured air …) that make the self-certification based on 
the complete machine testing on an EMC test-site or in an 
EMC laboratory very complex, expensive or even 
impossible. Most of the times, it is not feasible to 
transport the machine and evaluation must be carried out 
“in-situ” at the manufacturer or user premises. 
 
 
2. RADIATED EMISSION 
 
The main problems for in-situ measurements for radiated 
emission are: 
- the lack of space to perform adequate measurements 
using antenna’s 
- the background noise in an industrial environment 
Therefore, within the framework of TEMCA2 [1] an 
alternative methodology has been developed, by putting a 
simple wire over the machine. This wire acts as an 
antenna, and is able to capture radiated emissions. The 
problem is to identify and define a correlation factor (or 
antenna factor) for this “test-wire” method. The general 
concept of measuring setups using antenna’s and using a 
“test-wire” is sketched in figure 1. 
 
 
Figure 1. Antenna measuring setup (upper) and test-wire setup 
 
In order to understand the underlying phenomena, 
theoretical models have been developed, as well as a 
representative test-specimen GTO (Generic Test Object). 
The GTO has been designed as a generic machine. This 
means a type of metal enclosure, with noisy components 
inside (typically frequency converters) and a lot of 
cabling coming out for capturing data of external sensors. 
The noisy content was generated by an appropriate comb-
generator, and the external cabling was provided by some 
wires near the ground and at a larger distance from the 
ground. The GTO is shown in figure 2. 
 
 
 
 
Figure 2. Drawing and picture of the GTO on a test-site 
For more details about this GTO and the outcoming 
results, it is referred to the final report and some 
other papers, discussing in detail the construction of 
this GTO [2] – [3]. 
For a given configuration of the GTO, the radiated 
emission spectrum, measured on a test site and 
using a BiLog antenna, is given in figure 3 and will 
be used as reference to evaluated the alternative 
methods.  
 
 
Figure 3. Radiated emission spectrum of GTO 
 
 
3. TEST WIRE METHOD 
 
As a result from the European Research project 
TEMCA2 [1],  [3] a Test Wire Method (TWM) was 
validated as an alternative method to measure 
radiated emission from large machinery “in situ”.  
This testwire has been applied to the GTO in a 
semi-anechoic room. The setup is given in figure 4 
and 5, showing the different positions of the Test 
Wire and where the maximum recorded values of 
each of the 6 measurements are taken into account 
in a “max hold” mode. 
 
 
Figure 4. GTO with test wire in semi-anechoic room 
 
 
 
Figure 5. Different positions of the test wire over the GTO 
The resulting “max hold” spectrum is given in 
figure 6., where a kind of “antenna factor” – 
defined as a result of TEMCA2 – was already 
applied. The good correlation with the antenna 
measurements is observed. 
 
 
 
Figure 6. Radiated emission spectrum of GTO, with TWM 
 
4. FlexµStrip 
 
The installation and application of a Test Wire is 
under practical conditions not always possible. So, 
a more flexible (and smaller) measuring probe is 
needed. However, the concept must still respect the 
fact that a correlation with the reference antenna 
(far field) measurements should be possible. 
Therefore, a concept of a flexible µstrip has been 
developed, as this will strongly couple a TEM 
component of the surrounding EM field.  
 
Where the Test Wire is using all metal parts of the 
chassis of a machine as reference GND, the 
FlexµStrip has its own GND reference plane and is 
designed to have a characteristic impedance of 50 
Ohm.  In this way, reflection and resonant effects 
due to a mismatch between the Test Wire/chassis 
and the measuring equipment is avoided.   
The FlexµStrip is built from a conductive fabric, 
enclosed between two insulating sheets, with on top 
another conductive strip. The strip is connected to 
two N-connectors, mounted in two shielding 
enclosures to make sure that only the µstrip-part 
will be the coupling path with the environment.  
 
 
 
 
 
Figure 7. Picture of the FlexµStrip 
 
By moving over the GTO, and using the “max 
hold” mode of a spectrum analyser, a radiated 
emission spectrum is obtained, as given in figure 8. 
It must be remarked that NO correction factors, or 
derived “antenna factors” were applied to this 
measurement, as they still have to be defined from 
much more (statistical) measuring data. 
 
 
 
Figure 8. “Raw” radiated emission spectrum of GTO,  
moving the FlexµStrip over the GTO 
 
From these first result on a laboratory test system, it 
follows also that the FlexµStrip might be used as a 
kind of sniffer probe, in order to localise the zones 
or points of leakages of EM interference on a large 
system.  
In this way, both the characterisation of a large 
machine concerning the radiated emission AND the 
localisation of the possible leakage zones, can be 
performed with this new measuring probe. 
Similar results have been reported using a similar 
configuration of a sensewire, but where still the 
chassis of the machine is taken as the GND 
reference for the measurements [4]. 
 
5. VALIDATION ON A PRACTICAL 
CONFIGURATION 
 
A validation on a industrial assembly has been 
performed. Therefore, a motor/frequency converter 
has been considered, with a simulation of a long 
motor cable. The layout of the motorcable has been 
done on a wooden frame, taken from an earlier 
proposal to simulate long telecom lines for EMC 
testing purposes [5], and is shown in the figures 9 
and 10 below. 
 
 
 
Figure 9. Principles of the simulation set up for long 
telecommunication lines 
 
 
 
Figure 10. Picture of the proposed simulation set up 
 
The practical configuration for the evaluation of the  
FlexµStrip is shown in the next figure 11. 
 
 
 
Figure 11. Measuring setup of a motor/frequency converter  
Assembly with long motor cable, in a SAR 
 
The measuring results for all three measuring 
methods are given in the next figures: antenna 
measurement, TWM and FlexµStrip respectively. 
 
 
 
 
 
Figure 12. Antenna (upper), TWM (middle) and  
FlexµStrip®  (lower) measuring results 
Again, it must be remarked that NO correction 
factors, or derived “antenna factors” were applied 
to the measured FlexµStrip results, as they still 
have to be defined from much more (statistical) 
measuring data. 
 
 
6. LOWER FREQUENCY RANGE 
 
Similar to the problems encountered for the 
measurements of radiated emission, there are 
problems concerning “in situ” measurements of the 
conducted emission [7]. In fact, conducted emission 
measurements are performed to ensure that 
established radio communication systems in the 
lower frequency ranges will not be perturbed. In the 
past, proposals has been formulated to measure also 
the radiated emission in this frequency range by the 
use of loop antenna’s.  
In case of complaints about interference in these 
lower frequency ranges, measurements of the 
ambient EM field using a loop antenna to capture 
easily the magnetic field component of the EM 
field.  
The question raises if the FlexµStrip could also be 
used to estimate the interference level, and/or to 
localise the possible source of interference.  
The same motor/frequency converter setup as used 
in section 5, has been used for this purpose, as this 
combination will generate a rather high radiated 
EM field in the lower frequency range from 150 
KHz up to 30 MHz. 
 
 
 
Figure 13. Motor/frequency converter with loop antenna 
 
The measured results using the loop antenna, the 
Test Wire Method and the newly developed 
FlexµStrip, are reported in figure 14. 
 
 
 
 
 
 
Figure 14. Antenna (upper), TWM (middle) and  
FlexµStrip  (lower) measuring results 
 
 
CONCLUSION 
 
A new measuring probe, based on the concept of a 
flexible µstrip, has been developed and validated, in 
order to measure “in situ” the radiated emission of 
large machinery. The probe allows both the 
characterisation of the radiated emission and the 
localisation of possible leakage or sources of 
interference, even in the lower frequency range. 
Still a lot of statistical data are needed to formulate 
an appropriate “correction factor”. 
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